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(54) Flat implant for use in surgery 

(57) A flat implant for use in surgery is described. 
The implant includes a flexible fabric comprising two 
sides and having on one side a substantially closed sur- 
face and on the other side a three-dimensional micro- 
structure premitting a growing in of cells. The implant 
can be more particularly used for the treatment of wall 
defects in body cavities, such as abdominal wall defects. 
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Description 

[0001] The present invention relates to a flat implant 
for use in surgery and a process for its production. 
[0002] Hernia is a frequently encountered illness. It 
generally consists of a passage of organs or organ parts 
out of the natural body cavity through a preformed or 
acquired gap. Among external hernias, where the her- 
nial sac is always surrounded by the peritoneum, the 
most frequently encountered forms are groin, umbilical 
and incisional hernias. The reason for hernias occurring 
are in particular muscle or connective tissue weakness 
in conjunction with overstressing, age-caused atonia, 
congenital weakness of the abdominal wall or inade- 
quate cicatrization following a body section (incisional 
hernia). 

[0003] I n most cases effective treatment by surgery is 
possible, where the hernia content is transferred back 
from the hernial sac into the abdomen and the hernial 
opening is closed. This closure of the hernial opening 
normally takes place by a suture. 
[0004] However, this surgical procedure suffers from 
the disadvantage that in up to 20 % of the cases a further 
hernia occurs, i. e. the so-called hernial relapse. 
[0005] Due to this unsatisfactory relapse rate follow- 
ing conventional hernia operations, in modern hernia 
surgery increasing use is being made of artificial 
strengthening materials for the reconstruction of the ab- 
dominal wall. Polypropylene and also polyester nets 
play an important part. 

Although the use of such nets has clearly led to a 
marked decrease in the relapse rate, such implants are 
not unproblematical due to possible infections or fistula 
formations and in particular due to the soft tissue adhe- 
sion risk. 

[0006] The hitherto known implants consist of open 
textile structures, which aid an adhesion of cells and al- 
so a growing through of cells. This is advantageous, be- 
cause it forms a firm connection between the implant 
and the abdominal wall and thus ensures the desired 
support function. However, it can lead to difficultly re- 
movable cicatrizations in the abdominal cavity with 
hardening effects, detrimental action on the intestine 
and internal organs and the associated complaints on 
the part of the patient. 

[0007] Flat, textile implants are also known, which are 
sealed with an impregnating agent. However, problems 
then arise in fixing to the abdominal wall, particularly 
when spending a long time in the body. 
[0008] The problem is to make available an implant 
for use in surgery, which overcomes the difficulties of 
prior art implants, which is easy and inexpensive to man- 
ufacture and which is usable by employing conventional 
surgical methods. 

[0009] This problem is solved by aflat implant accord- 
ing to claim 1. The implant according to the invention 
permits a good anchoring of body cells on the structured 
side facing the abdominal wall and prevents an unde- 


sired cicatrization with organs and body parts on the 
substantially closed side facing the abdominal cavity. 
[001 0] For use in surgery the invention provides a flat 
implant made of a flexible fabric comprising two sides 

5 and having on one side a substantially closed surface 
and on the other side a three-dimensional microstruc- 
ture permitting a growing in of eel Is. In particularthesub- 
stantially closed surface comprises micropores, the mi- 
cropores being so small that they permit an exchange 

10 of materials, but substantially prevent the growing in of 
cells, and wherein an additional adhesion prevention is 
provided by a bioabsorbable component which has a 
sealing effect. Preferalby, the additional adhesion pre- 
vention is provided on the outer surface of the substan- 

15 tially closed surface. 

[0011] Preferably the substantially closed surface is 
smooth. The substantially closed surface is formed by 
at least one surface layer connected to the flexible fab- 
ric. In a preferred embodiment of the invention the sur- 

20 face layer is provided by a coating of said fabric. 

[0012] According to the invention, the three-dimen- 
sional microstructure can have back-engageable points 
for the growing in of cells. Advantageously, the flexible 
fabric is formed by a porous, flexible structural material, 

25 particularly aflexible support, and the three-dimensional 
microstructure is formed by the exposed surface struc- 
ture of the structural material. Examples of porous, flex- 
ible structural materials are open-cell structural foam or 
a lattice structure. 

30 [0013] Advantageously, the implant is formed by at 
least one synthetic polymer material. For example, the 
fabric of the implant according to the invention is formed 
from polypropylene (PP), polyester, polytetrafluororeth- 
ylene (PTFE) and/or polyester and PTFE. In a currently 

35 preferred embodiment preference is given to a flat PP 
based implant, according to the invention. Polypropyl- 
ene is particularly preferred as an implant material as it 
promotes the growth of cells into the implant structure. 
It is also possible to use resorbable materials such as 

40 polylactides, polyglycolides and copolymers thereof, if 
a resorbability or partial resorbability is desired. 
[0014] The additional bioabsorbable component is 
advantageously selected from biocompatible natural or 
synthetic compounds, preferably polyhydroxy com- 

45 pounds. Preferably the bioabsorbable component has 
film forming characteristics. According to the invention 
the bioabsorbable component can be at least one com- 
ponent selected from the group of polymers and copol- 
ymers of organic hydroxyesters, polyglycolide, polylac- 

50 tide, polydioxanone, polyhydroxy butyric acid, polyc- 
aprolactone, polytrimethylene carbonate, and polyvinyl 
alcohol, their derivatives and mixtures thereof. In a cur- 
rently preferred embodiment of the present invention the 
bioabsorbable component is polyvinyl alcohol (PVA). 

55 Advantageously, the PVA used has a molecular weight 
from 20000 to 200000 Daltons. Bioabsorbable natural 
components can be at least one component selected 
from the group of gelatine and hyaluronic acid. As an 
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alternative, the bioabsorbable component can be a 
composition of natural and synthetic materials as men- 
tioned above. 

[0015] The bioabsorbable additive is spread on part 
or the total of the substantially closed surface of the im- 
plant. Due to its sealing effect, the additive will cover 
residual pores to prevent cell attachment and undesira- 
ble tissue adhesion. The bioabsorbability of the additive 
provides for a temporary adhesion prevention within a 
period of about two weeks after surgery to promote heal- 
ing. 

[0016] In an embodiment of the invention, the flexible 
structural material can be a textile material, particularly 
a porous textile support. In a preferred embodiment, the 
flexible textile support is made of polypropylene. Partic- 
ularly preferred is an implant, wherein the porous textile 
support is made of polypropylene monofilaments. 
[0017] Advantageously, the flexible structural materi- 
al can be stretchable. The flexible fabric can have two- 
dimensional stretch ability. Furthermore, the flexible 
structural materials can have elasticity characteristics. 
The flexible fabric can have two-dimensional elasticity. 
A support fabric made of polypropylene has character- 
istics by two-dimensional stretchability and minor resil- 
iency. Preferably the stretchability and strength charac- 
teristics of the flat implant are adapted to match the char- 
acteristics of the peritoneum in vivo. 
[0018] Preferably the flexible structural material is a 
textile fabric. In a particularly preferred embodiment of 
the implant according to the invention the flexible struc- 
tural material is a porous textile support. Preferably the 
flexible textile support can have at least on the side with 
the three-dimensional microstructure an open textile 
structure known in connection with vascular implants 
and which is formed by one or more of textured yarns, 
float stitches and velour loops. Such structures are 
known e.g. from patents US 4047252, US 387565, DE 
2461370, and US 4517687. 

[0019] It is possible to process shrinkable fibers and 
yarns produced therefrom such as well as other fibers 
and yarns using conventional procedures so as to give 
textile fabrics. Subsequently as a result of a shrinkage 
treatment, the shrinkable fibers are shrunk, which in the 
case of the textile fabrics produced therefrom leads to 
a compression of the structure. As a result of the intend- 
ed use of shrinkable fibers and non-shrinkable fibers in 
combination, it is possible in planned manner to effect 
modifications to the textile structure. 
[0020] According to the invention, the fabric can be 
produced according to a textile method, particularly one 
of knitting, weaving and braiding. Such procedures are 
known to the expert, so that there is no need for a de- 
tailed explanation here. This permits a simple, inexpen- 
sive manufacture according to known proven proce- 
dures and using conventional machines and tools. 
[0021] Advantageously, the textile fabric has open 
pores sized up to 3 mm in diameter, in particular 0.5 to 
2 mm in diameter. In the implant according to the inven- 


tion, the micropores can have a pore size in the range 
from 1 0 jitm to 30 urn. The filaments used to prepare the 
fabric can have a filament diameter from 1 0 to 500 jim. 
In particular the textile fabric can have a thickness from 

5 0.4 to 1.0 mm. The textile fabric can have a density 
(weight area) in the range from 1 0 to 60 g/m 2 , in partic- 
ular 20 to 50 g/m 2 . The flat implant according to the in- 
vention has a tearing strength of preferably at least 16 
N/cm, in particular 1 6 to 50 N/cm, which is in the range 

10 of the strength of the abdominal wall. Thus, there is pro- 
vided a light-weight, flexible and elastic textile fabric for 
a surgical implant to meet the requirements in the active 
life of a patient. 

[0022] In one embodiment of the invention, the flexi- 
15 ble textile fabric, particularly the textile support, can be 
a woven fabric. In another embodiment of the invention, 
the flexible textile fabric, particularly the textile support, 
can be a knitted fabric. In a currently preferred embod- 
iment, the fabric is a warp-knitted fabric. Advantageous- 
20 |y the flexible textile fabric has at least on the three-di- 
mensionally structured side exposed fibers or threads 
serving as an anchoring for cells. 
[0023] It is possible to use textile fibrous materials 
such as synthetic monofilaments, multifilament threads 
25 or multifilament yarns. Preferably, according to the in- 
vention, the fabric can at least partly be formed from 
multifilament yarns, which can be smooth or structured 
(textured). In one embodiment of the invention, the 
yarns can be formed from a single fibrous material type. 
30 in another embodiment, the yarns can be formed from 
several fibrous materials. The yarns can at least partly 
be formed from highly shrinkable fibrous material. They 
can also be blends of non-resorbable and resorbable 
fibrous materials. 
35 [0024] The implant according to the invention can in 
particular be characterized in that one face is formed 
with a structured surface. According to a preferred em- 
bodiment, the structured surface can be in velour form. 
In a particularly preferred embodiment of the invention, 
40 the fabric can be constructed as velour, particularly sin- 
gle velour. According to a further development of the 
particularly preferred embodiment, the fabric can be 
constructed as double velour. In particular, the double 
velour can be constructed with different pile heights on 
45 both sides of the fabric. 

[0025] In a preferred embodiment of the invention, the 
flexible fabric, particularly the textured support, can be 
a velour, particularly a double velour, having on the 
structured side preferably a larger pile height than on 
50 the substantially closed side of the implant. 

[0026] According to the invention, the flat implant can 
be characterized in that the side opposite to the struc- 
tured surface is constructed as a smooth surface. In this 
case smooth means that the surface has no structuring, 
55 j. e. as a result of the textile construction, which would 
permit an anchoring of cell unions. Smooth also means 
that no fibers of the textile material used project from 
the surface. 
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[0027] According to the invention, the implant is pref- 
erably in theform of a composite structure of two or more 
different layers. In an embodiment the substantially 
closed surface can be formed by coating with synthetic 
material. According to the invention, the coating is pref- 
erably constructed as a sprayed coating. 
[0028] In an embodiment the coating can be a 
sprayed coating, particularly a sprayed web of a poly- 
mer, said polymer being one of soluble and dispersible 
in a medium, wherein the medium is at least one of non- 
aqueous, liquid and volatile. In this way it is possible to 
form a microporous sprayed web, in which initially dis- 
solved sprayed particles are connected with one anoth- 
er and to the surface of the fabric. Advantageously, the 
substantially closed surface layer is made of poly- 
urethane, particularly uncrosslinked polyurethane. 
Polylactides and copolymers thereof can also be 
sprayed from chloroform, instead of polyurethane or 
mixed therewith, if a resorbability or partial resorbability 
is desired. 

[0029] In another embodiment, the substantially 
closed surface can be formed by the application of a pol- 
ymer film. Such a polymer film can advantageously be 
constructed as a microporous film. A suitable material 
for a polymer film for modifying the implant according to 
the invention can be a biocompatible material suitable 
forthe intended use as a surgical implant and preferably 
polypropylene, polyester polytetrafluoroethylene and/ 
or polyurethane. The application of a synthetic material 
film for modifying the surface of the textile fabric accord- 
ing to the invention can take place by procedures such 
as e. g. calender coating or sticking on . 
[0030] Preferred according to the invention, the sur- 
face layer made of polyurethane can have a thickness 
form 0.1 mm to 0.4 mm. Typically, polyurethane coatings 
appliedto monofilament polypropylene fabrics are thick- 
er than polyurethane coatings applied to multifilament 
polyester fabrics. Typically, polyurethane coatings are 
elastic. In an embodiment of the implant according to 
the invention having multiple surface layers, the layers 
can have similar elasticity characteristics. 
[0031] The st retch ability and elasticity characteristics 
of implants for use in abdominal in surgery are important 
features to allow minimal invasive surgery. Since pa- 
tients with recurrent hernias often have a weakened 
connective tissue, new incisions can lead to new hernias 
and therefore should be kept minimal. So generally min- 
imal invasive techniques, like laparoscopy are advanta- 
geous for these patients providing the additional advan- 
tage of shorter hospitalization times. To perform lapar- 
oscopy, it is necessary to enlarge the space in the ab- 
dominal cavity to create an internal operational field. 
This is generally done by inflating the abdominal cavity 
with an appropriate gas like carbon dioxide using a pres- 
sure of about 15 mm Hg. The inflated state of the ab- 
dominal cavity is called pneumoperitoneum. This pro- 
cedure leads to a stretching of the abdominal wall which 
depends strongly on the size and form of the individual 


patient, but will be about 30 to 40 %. The use of an elas- 
tic material that can be fixed to the abdominal wall in a 
stretched configuration provides the advantage to pre- 
vent the creation of wrinkles and folds once the pneu- 

5 moperitoneum is deflated. 

[0032] A flat implant according to the invention with a 
polyurethane coating having two-dimensional elasticity, 
the implant can conform to the contours in the abdomi- 
nal cavity and reposition to the intended implantation 

10 site after release of the abdominal extension by the 
pneumoperitoneum. 

[0033] Particularly preferred according to the inven- 
tion is an implant, wherein the additional adhesion pre- 
vention is a PVA coating on top of a polyurethane spray 
15 coating. The PVA coating is thin with a thickness up to 
0.1 mm. 

[0034] Preferably a bioabsorbable component can be 
applied by spray coating. In a particularly preferred em- 
bodiment the bioabsorbable component is a polyvinyla- 
20 Icohol spray coating. Such a bioabsorbable component 
can be effective in adhesion prevention for a period of 
1 0 to 30 days after surgery. 

[0035] In another embodiment of the invention, the 
implant can be formed by a three-dimensional web. fi- 
25 brous materials on the side with the substantially closed 
surface being closely juxtaposed and on the side with 
the microstructure form an open union. 
[0036] The substantially closed surface can be com- 
pletely tight. If, as preferred, it is microporous, then com- 
30 pared with the porosity of the fabric, it is characterized 
by a porosity lower by at least a power of 10. In partic- 
ular the sprayed coating preferred according to the in- 
vention has a deep porosity. Advantageously, the sub- 
stantially closed surface and in particular the complete 
35 implant has an air permeability of 5 to 1 00 ml of air/cm 2 . 
min ; particularly 25 to 75 ml of air/cm 2 . min, for a pres- 
sure difference of 1 .2 kPascal. With such a microporos- 
ity, an exchange of material in the molecular range is 
possible. This aids metabolic processes in the vicinity 
40 of the implant, aids the supply of essential nutrients and 
build-up substances, as well as the removal of metabolic 
waste and harmful substances. This advantageously 
permits a good compatibility and successful healing. 
The microporosity of the substantially closed surface is 
45 not, however, suitable for the passage or firm and con- 
tinuous anchoring of large particles such as cells. 
[0037] The inventive, substantially closed surface 
leads to a reduction of the structuring of the implant sur- 
face on one side. Protuberances and depressions, 
50 which e. g. result from the textile fabric manufacturing 
process, are compensated by the substantially closed, 
particularly smooth surface. In addition, individual fibers 
projecting from the textile fabric are enclosed. The clos- 
ing of the implant surface according to the invention can 
55 consequently be considered as a type of surface seal- 
ing. The sealing effect of the substantially closed sur- 
face is provided by the interaction of both the flexible 
fabric and the additional application of an adhesion pre- 
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vention means. 

[0038] In this way, the substantially closed surface 
with its limited porosity and small surface structure is 
unfavourable for an adhesion of cells. The cells find no 
suitable anchoring points which are necessary for their 
growth. This essentially prevents a colonization by cells 
of the substantially closed implant surface. 
[0039] The implant according to the invention prefer- 
ably has fraying-proof edges or borders formed by one 
or more of processing, bonding and welding in a fraying- 
proof manner. 

[0040] Advantageously the implant can have a total 
thickness of approximately 0.1 to 1 .2 mm, the thickness 
of the substantially closed surface being 3 to 1 5 % there- 
of. The textile support can have at least one of a woven 
and knitted basic weave with a thickness of 0.05 to 0.4 
mm and an at least unilaterally open structure with a 
thickness of 0.05 to 0.8 mm. 

[0041] According to the invention, all the components 
of the implant are biocompatible and long term-stable. 
In particular, it can be partly resorbable over the entire 
surfaceand in particularthe substantially closed surface 
can comprise completely resorbable material. Thus, fol- 
lowing implantation in a physiological medium of the 
body, there is no surface degradation. The substantially 
closed surface of the implant consequently maintains its 
eel I- rejecting characteristics, which prevent an adhe- 
sion and growing in of cells, such as is provided in ac- 
cordance with the invention. 

[0042] Advantageously the implant according to the 
invention is made from flexible material. Preferably the 
substantially closed surface can be formed from a sol- 
vent-soluble, uncrosslinked polymer. According to a fur- 
ther development, the substantially closed surface can 
be formed with a rubbery polymer. Preferably, according 
to the invention, the substantially closed surface can be 
applied in the form of a solution in a low-boiling solvent 
to one side of an in particular textile fabric. According to 
a particularly preferred embodiment of the invention, the 
substantially closed surface of the flat implant can be 
formed from uncrosslinked polyurethane. 
[0043] According to a further development, the im- 
plant can contain antimicrobiotic substances, such as e. 
g. an antibiotic. The administration of antibiotics serves 
in particular to prevent infection. For prophylaxis and 
therapy with antibiotics in the surgical field use is e. g. 
made of cephalosporins such as cephazolin or cepha- 
mandol, netilmicin, penicillins such as oxacillin or me- 
zlocillin, tetracycline, metronidazol or aminoglycosides 
such as gentamicin or neomycin, as well as e. g. ri- 
fampicin. In accordance with the particular require- 
ments, experts can select one or more suitable active 
substances for use. The implant can also contain growth 
factors. 

[0044] The present invention also relates to a process 
for the production of an implant for use in surgery, which 
comprises the formation of a unilateral, substantially 
closed surface on one side of a porous, particularly tex- 


tile fabric for preventing the growing in of cells. 
[0045] In another embodiment, the invention relates 
to a process for the production of an implant for use in 
surgery by forming a substantially closed surface layer 

5 and unilaterally, in particular a building-up formation of 
a three-dimensional microstructure connected thereto. 
[0046] According to a preferred inventive process, the 
substantially closed surface can be formed by coating, 
particularly spray coating of a polymer like poly- 

10 urethane. The additional adhesion prevention can sim- 
ilarly be formed by coating of a bioresorbable compo- 
nent like polyvinyl alcohol. Preferred coating methods 
comprise spray coating, dip coating, roll coating, coating 
application by absorption (capillary suction) and wetting, 

15 for example. 

[0047] In a preferred embodiment of the inventive 
process, the polyurethane can be sprayed from a solu- 
tion in low-boiling, organic solvent. Examples of suitable 
solvents are methylene chloride and chloroform. By 

20 evaporating the solvent, the coating film will form. Dur- 
ing solvent evaporation fine pores can form in the sur- 
face coating, which is advantageous for the implant ac- 
cording to the invention. The thus formed microporosity 
allows the exchange of materials in the physiological 

25 medium. However, the pores are so small that cells are 
held back. 

[0048] Also in a preferred embodiment of the inven- 
tive process, the polyvinyl alcohol is sprayed from an 
aqueous solution. The polyvinyl alcohol can advanta- 
ge geously be subject to repeated f reeze-thaw cycles to im- 
prove its processing characteristics. With an appropri- 
ate pretreatment, PVA films can retain elasticity during 
their life cycle on the flat implant. 
[0049] According to the invention there is a closing of 
35 the surface for preventing the growing in of cells on only 
one side of the flat implant and on only the surface of 
the fabric. Advantageously, the three-dimensionally 
structured surface of the textile fabric is open and suit- 
able for a growing in of cells. 
40 [0050] The porous or structured surface is suitable for 
an adhesion and growing of cells and permits a back- 
engaging growing in of the cells. 
[0051] For use in surgery the inventively modified im- 
plant can be appropriately sterilized. An appropriate 
45 sterilization process can be selected from conventional 
physical or chemical methods for the inactivation of mi- 
croorganisms orcan be a combination of such methods. 
One possible sterilization process comprises treatment 
with ionizing rays, such as e. g. irradiation by |3-rays. 
50 electron beams, ory-rays, in the range of 0.1 to 10 Mrad, 
particularly 0.8 to 2.5 Mrad. Another sterilization method 
is ethylene oxide treatment. 

[0052] The invention also relates to the use of an im- 
plant in surgery, particularly for the treatment of wall de- 
55 fects in body cavities, particularly abdominal wall de- 
fects. 

[0053] According to the invention a hernial implant is 
provided comprising a flexible flat three-layered struc- 
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ture including a three-dimensional textile support micro- 
structure permitting a growing in of cells, a substantially 
closed layer of micropores having a pore size to permit 
an exchange of materials, but substantially prevent the 
growing in of cells, and superimposed thereon an addi- 
tional top layer of a bioabsorbablecomponent which has 
a sealing effect for adhesion prevention. 
[0054] To this end the inventively modified implant 
material can be cut to a desired size and shape. Advan- 
tageously, the surgical implant according to the inven- 
tion is available appropriately packed, ready for use and 
cut to an appropriate size. 

[0055] The introduction of the inventive flat implant in- 
to the abdominal cavity takes place in such a way that 
the implant side, whose surface is modified for prevent- 
ing the growing in of cells, is inserted towards the inside 
of the abdomen, i. e. facing the intestines. The opposite 
side of the flat implant, where a growing in of cells is 
possible, is inserted facing the abdominal wall side. The 
implant according to the invention is particularly adapted 
to use with large abdominal wound areas. 
[0056] Thus, during the healing process, body cells 
from the abdominal wall can adhere to the implant sur- 
face, penetrate the surface structure and over a period 
of time lead to the cicatrization of the implant with the 
abdominal wall. This leads to a reliable union between 
the abdominal wall and the implant, which contributes 
to the stabilization of the abdominal wall and therefore 
ensures a successful treatment. 

[0057] The substantially closed surface for preventing 
the growing in of cells on the implant abdomen inside is 
not penetratable by cells growing in from the abdominal 
wall side. 

[0058] Further features of the invention can be gath- 
ered from the following description of a preferred exam- 
ple in conjunction with the subclaims and drawings. The 
individual features, both alone and in the form of com- 
binations, can be implemented in an embodiment of the 
invention. However, the examples only serve to illustrate 
the invention and do not retrict the latter. 
[0059] Figure 1 is a diagrammatic section through an 
implant according to one embodiment of the invention 
as described in example 1 . 

Example 1 

[0060] A textile fabric 1 is constructed as warp knitting 
from multifilament polypropylene yarn in the form of a 
single velour, there being velour loops 2 of textured yarn. 
The knitted fabric in double velour form can be conduct- 
ed in similar manner to the knitted fabrics of US patents 
4047252 and 41 93397. However, it is flat, unlike the tu- 
bular warp knitting described therein. It can also be 
contructed as a single velour. The knitted fabric is po- 
rous and flexible. On the velour side 3 it has an open, 
three-dimensional structured surface, which as a result 
of the velour loops and texturing of the fibers, has nu- 
merous, substantially uniformly surface-distributed 


back-engagement possibilities forthe growing in of body 
cells. The openings between the yarn loops or the indi- 
vidual fibers are large compared with the size of the 
body cells. This permits the growing in of a cohesive cell 
5 union. 

[0061] As a result of the texture of the knitted fabric, 
the opposite side 4 of the knitted fabric 1 is more dense 
and rather planar. Additionally the knitted fabric 1 has 
on this side a spray coating 5 of uncrosslinked poly- 
urethane, which is joined to the surface-exposed fibers 
of the knitted fabric 1 and closes the textile structure on 
this surface. An additional polyvinyl alcohol sealing layer 
6 is applied thereon to provide adhesion prevention. The 
thickness of the spray coating is approximately 1/10 to 
1/20 of the total thickness of the textile fabric and sealing 
layer, i. e. the total thickness of the flat implant of ap- 
proximately 0.8 mm. 

[0062] As a result of spray coating, i. e. the spraying 
on of a solution of polyurethane in chloroform and an 
aqueous solution of polyvinyl alcohol, the coating 5 has 
a structure which can be compared roughly to that of a 
tight web, is microporous and is also flexible as a result 
of the elastomeric characteristics of polyurethane and 
polyvinyl alcohol. Suitable polyurethanes are e. g. 
known saturated polyesters and polyurethanes. As a re- 
sult of the sealing layer 5, the textile fabric 1 of velour 
knitwear is substantially closed in the manner of a deep 
filter on the side directed away from the velour loops 2. 
The micropores, whose size is roughly of the same order 
of magnitude as the size of the body cells or smaller, 
permit an exchange of body fluids for maintaining the 
metabolism, but do not permit the growing in of cells, or 
at least not in a form such that it is necessary to fear an 
adhesion of body parts in the vicinity of the abdominal 
cavity. 

[0063] The sealing layer 5 only penetrates insignifi- 
cantly into the textile surface of the textile support 1 , so 
that the three-dimensional volume of the fabric is avail- 
able forthe growing in of cells from the abdominal wall, 
whereas the substantially closed sealing layer prevents 
a rolling in of the knitted fabric and additionally prevents 
any fraying tendency. If desired, the edges can be ren- 
dered completely fraying-proof by welding the polymer 
fibers. For use in surgery, pieces with the approximate 
dimensions 8 x 2 cm to 30 x 30 cm are produced. As a 
function of needs, these pieces can be cut to size prior 
to implantation. 

[0064] Animal tests carried out with the implant ac- 
cording to the invention have given good results. On the 
uncoated, open side of the implants, there was a very 
good incorporation into the tissue with powerful vascu- 
larization in the implant meshes and no repulsion phe- 
nomena. As a result of the sealing of the abdominal cav- 
ity-side surface, no cicatrization occurred on this side. 
Even afterthe implant had been in the abdominal cavity 
for a long time, a free mobility of the abdominal viscera 
relative to the implant was ensured. 
[0065] Figure 2 is a diagrammatic section through an 
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implant according to another embodiment of the inven- 
tion in which the fabric is constructed in double velour 
form. In particular, figure 2 shows a double velour with 
velour loops 12 of texturized yarn on both sides. Side 
13 of textile fabric 11 has an open three-dimensionally 
structured surface as also present in figure 1. Side 14 
is alsoa velourside, which iscoatedwith aspray coating 
15 of uncrosslinked polyurethane. An outer coating 16 
made of a copolymer of glycolide ; lactide and trimethyl- 
ene carbonate provides an initial complete sealing and 
is resorbable within about 30 days after surgery. 

Example 2 

[0066] A flat implant made of polypropylene and cov- 
ered with a polyurethane spray coating is provided with 
an additional polyvinyl alcohol (PVA) coating by immer- 
sion into an PVA solution for adhesion prevention. 
Thickness of the PVA coating is controlled by process 
conditions like concentraion of the PVA solution or con- 
tacting time. 

[0067] A very thin nanoscale coating is achieved by 
dipping the fabric into an about 80 °C hot 1 % PVA so- 
lution. While the molecular weight of the PVA applied is 
not relevant for the coating procedure, the PVA molec- 
ular weight is essential for its resorption in vivo. High 
molecular weight PVA of about 200000 g/mol is prefer- 
able for very thin coatings, to provide adaquate attach- 
ment of the PVA on the implant surface and adhesion 
prevention in the patient's abdominal cavity. Thin PVA 
coatings are transparent and do not affect implant ma- 
terial characteristics. 

[0068] A thicker PVA coating in the micron range is 
obtained by immersion of the fabric into PVA hydrogel, 
optionally repeated, and freezing during 1 to 5 freezing 
cycles to provide a hydrogel coating of desired strength. 
There is a significant retardation in resorption time due 
to physical crosslinking. The higher the molecular 
weight of the PVA employed, the more stable is the hy- 
drogel formed. Appropriate selection of a composition 
of low molecular and high molecular weight PVA mole- 
cules allows tailoring of PVA resorption characteristics 
to meet practical requirements. The PVA hydrogel coat- 
ing is transparent. 

Example 3 

[0069] Prepared is a flat implant composed of three 
layers including a warp-knitted support fabric made of 
polypropylene monofilaments, a microporous spray 
coating made of linear polyurethane and on top a seal- 
ing spray coating made of bioresorbable polyester. 
[0070] The flat polypropylene support fabric is fixed 
on a rotating roller of a spray coating apparatus. The 
spraying procedure comprises a prespraying step and 
a main spraying step. During the prespraying step, a so- 
lution of polyurethane in chloroform having a viscosity 
of 456.5 mPas and diluted in chloroform in a ratio of 1 : 


2 is applied. During the main spraying step, a pure poly- 
urethane soution of controlled viscosity is used. In both 
cases the spraying nozzles are fixed in an angle of 65° 
to the roller to perform initial 50 cycles in a distance of 
5 5.0 cm and subsequent 1 50 cycles in a distance of 24.0 
cm. The roller is left to dry for 24 h at room temperature, 
before the main spraying step of 1 50 cycles in a distance 
of 5 cm and 200 cycles in a distance of 24 cm is per- 
formed. 

10 [0071] The spray coated fabric is dipped in 2-propanol 
for 1 0 sec and dryed over night at 21 °C. Subsequently 
the fabric is postreated at 50 °C and 98 % rel. humidity 
in a conditioning chamber for 2 hours. During all the 
processing steps the fabric remains fixed on the roller. 
15 Thecompletedouble-layerfabrichasan air permeability 
of 5 to 100 ml air/cm 2 . min. preferably 30 to 70 ml air/ 
cm 2 .min. the thickness of the polyurethane layer alone 
is from 0.1 to 1 mm, preferably from 0.1 5 to 0.45 mm. 
[0072] To apply the third top coating, the roller is again 
20 inserted into the spray coating apparatus and a biore- 
sorbable polyester sprayed thereon. The solution in- 
cludes poly(D,L-lactide) in chloroform having a viscosity 
of 465.5 mPas. Both spraying nozzles are arranged in 
an angle of 65° to the roller and there are 1 00 spraying 
25 cycles in a distance of 5.0 cm applied. 

[0073] The polyester top layer has a thickness from 
1 0 jim to 1 00 jim. The sealing surface of thethird coating 
has an air permeability in the range of less than 25 ml 
air/cm 2 . min, and preferably zero air permeability. 
30 [0074] A combination of two bioresorbable polyesters 
will allow control of the resorption time of the third coat- 
ing. The use of a copolymer of poly(D,L-lactide-co-gly- 
colide) will reduce the resorption time of the top coating 
as compared to the above poly(D,L-lactide). 

35 

Example 4 

[0075] Prepared is a flat implant composed of three 
layers including a warp-knitted support fabric made of 
40 polypropylene monofilaments, a permanent micropo- 
rous spray coating made of linear polyurethane and on 
top a sealing spray coating made of polyvinyl alcohol. 
[0076] The application of the intermediate poly- 
urethane coating is according to the procedure as de- 
45 scribed in example 3. 

[0077] To apply the third polyvinylalcohol coating, the 
polyurethane coated polypropylene fabric is immersed 
into a 3 % aqueous PVA solution. The PVA has a mo- 
lecular weight of 200000. The fabric is kept immersed 
50 in the PVA solution for 1 minute. Subsequently, the PVA 
is subject to physical crosslinking, whereby the resorp- 
tion characteristics of the PVA are controlled. The thus 
coated fabric is subject to three times repeated freeze/ 
thaw cycles, wherein the freezing down to -18 °C is for 
55 20 h followed by 2 hours of thawing at 25 °C. The PVA 
coating formed is transparent. 
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Claims 

1. A flat implant for use in surgery, the implant com- 
prising a flexible fabric comprising two sides and 
having on one side a substantially closed surface 
and on the other side a three-dimensional micro- 
structure permitting a growing in of cells, wherein 
the substantially closed surface comprises micro- 
pores, the micropores being so small that they per- 
mit an exchange of materials, but substantially pre- 
vent the growing in of cells, and wherein an addi- 
tional adhesion prevention is provided by a bioab- 
sorbable component which has a sealing effect. 

2. The implant according to claim 1 , wherein the sub- 
stantially closed surface is formed by at least one 
surface layer connected to the flexible fabric. 

3. The implant according to claim 1 or 2, wherein the 
at least one surface layer is provided by at least one 
coating of the fabric. 

4. The implant according to any of the preceding 
claims, wherein the three-dimensional microstruc- 
ture has back-engageable points for the growing in 
of cells. 

5. The implant according to any of the preceding 
claims ; wherein theflexible fabric is formed by a po- 
rous, flexible structural material, in particular a flex- 
ible support, and the three-dimensional microstruc- 
ture is formed by the exposed surface structure of 
the structural material. 

6. The implant according to claim 5, wherein the flex- 
ible structural material is made of polypropylene. 

7. The implant according to claim 5 or 6, wherein the 
flexible structural material has elasticity character- 
istics. 

8. The implant according to any of the claims 5 to 7, 
wherein the flexible structural material is a textile 
fabric, in particular a porous textile support, prefer- 
ably made of polypropylene monofilaments. 

9. The implant according to claim 8, wherein the textile 
fabric has open pores sized up to 3 mm in diameter, 
in particular the pores are sized 0.5 to 2 mm. 

10. The implant according to claim 8 or 9, wherein the 
textile fabric has a thickness from 0.4 to 1.0 mm. 

11. The implant according to any of claims 5 to 10, 
wherein the flexible structural material has on at 
least the side with the three-dimensional micro- 
structure an open textile structure known in connec- 
tion with vascular implants and which is formed by 


one or more of textured yarns, float stitches and ve- 
lour loops. 

12. The implant according to any of the preceding 
5 claims, wherein the micropores have a pore size in 

the range from 10 ujti to 30 [arm. 

13. The implant according to any of the preceding 
claims, wherein the flexible fabric is a woven fabric 

10 which at least on the three-dimensionally micro- 
structured side has exposed fibers or threads serv- 
ing as an anchoring for cells. 

14. The implant according to any of the preceding 
15 claims, wherein the flexible fabric is a knitted fabric, 

in particular a warp-knitted fabric, which at least on 
the three-dimensionally microstructured side has 
exposed fibers or threads serving as an anchoring 
for cells. 

20 

15. The implant according to any of the preceding 
claims, wherein the flexible fabric is a velour, in par- 
ticular a double velour, the double velour having on 
the structured side preferably a larger pile height 

25 than on the substantially closed side of the implant. 

16. The implant according to any of the claims 2 to 15, 
wherein the surface layer is a spray coating, in par- 
ticular a sprayed web of a polymer, said polymer 

30 being one of soluble and dispersible in a medium, 
wherein the medium is at least one of non-aqueous, 
liquid and volatile. 

17. The implant according to any of the preceding 
35 claims, wherein the substantially closed surface 

layer is made of polyurethane, in particular a poly- 
urethane spray coating applied to one side of the 
flat implant. 

40 18. The implant according to any of the claim 2 to 17, 
wherein the surface layer has a thickness of 0.1 mm 
to 0.4 mm. 

19. The implant according to any of the claims 2 to 18, 
45 wherein multiple surface layers have similar elas- 
ticity characteristics. 

20. The implant according to any of the preceding 
claims, wherein the additional adhesion prevention 

50 is provided on the outer surface of the substantially 
closed surface. 

21. The implant according to any of the preceding 
claims, wherein the bioabsorbable component is at 

55 least one component selected from the group of pol- 
yvinyl alcohol, polymers and copolymers of organic 
hydroxy esters. 
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22. The implant according to any of the preceding 
claims, wherein the bioabsorbable component is a 
spray coating. 

23. The implant according to any of the preceding 5 
claims, wherein the additional adhesion prevention 

is a PVA coating on top of a polyurethane spray 
coating. 

24. The implant according to any of the preceding 10 
claims, wherein the bioabsorbable component is ef- 
fective in adhesion prevention for a period of 10 to 

30 days after surgery. 

25. The implant according to any of the preceding 15 
claims, wherein the implant without the bioabsorb- 
able material has an air permeability of 5 to 1 00 ml 

of air/cm 2 . min for a pressure difference of 1 .2 kPas- 
cal. 


26. The implant according to any of the preceding 
claims, wherein the implant has fraying proof edges 
formed by one or more of processing, bonding and 
welding in a fraying-proof manner. 


20 


25 


27. The implant according to any of the preceding 
claims, wherein the implant has a total thickness of 
approximately 0.1 to 1.2 mm, the thickness of the 
substantially closed surface preferably being 3 to 
15% thereof. 30 

28. The implant according to any of the preceding 
claims, wherein the flexible fabric has at least one 
of a woven and knitted basic weave with a thickness 

of 0.05 to 0.4 mm and an at least unilaterally open 35 
structure with a thickness of 0.05 to 0.8 mm. 

29. The implant according to any of the preceding 
claims, wherein the substantially closed surface is 

of completely resorbable material. 40 

30. The implant according to any of the preceding 
claims, for the treatment of wall defects in body cav- 
ities, in particular abdominal wall defects. 

45 

31. A hernial implant comprising a flexible flat three-lay- 
ered structure including a three-dimensional textile 
support microstructure permitting a growing in of 
cells, a substantially closed layer of micropores 
having a pore size to permit an exchange of mate- 50 
rials, but substantially prevent the growing in of 
cells, and superimposed thereon an additional top 
layer of a bioabsorbable component which has a 
sealing effect for adhesion prevention. 

55 
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